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©  LIQUID  CRYSTAL  DISPLAY  DEVICE. 
  A  liquid  crystal  display  device  which  is  capable  of 
displaying  a  still  picture,  wherein  column  lines  (L,)  to  (Lm) 
served  with  image  signals  are  provided  with  second  horizon- 
tal  switching  elements  (MB1)  to  (MBm)  that  are  driven  by 
phases  (ØH'1)  to  (0H'm)  which  are  just  before  the  phases  of 
picture  switching  signals  (ØH1)  to  (0Hm),  a  switch  (11)  is 
connected  to  a  contact  point  (S)  of  the  still  picture  display 
side,  image  signals  stored  in  the  liquid  crystal  cells  C are 
taken  out  through  the  second  horizontal  switching  elements 
(MB,)  to  (MBm)  and  are  fed  back  to  an  input  terminal  (1) 
through  an  inverter  circuit  (14)  and  a  normalizing  circuit  (15), 
provision  is  made  of third  switching  elements  (MR1)  to  (MRm) 
that  are  turned  on  after  every  horizontal  flyback  period,  the 
signals  taken  out  from  the  liquid  crystal  cells  C  are  inverted 
and  are  returned  to  the  same  liquid  crystal  cells  C,  and  the 
potentials  of  the  signal  lines  are  reset  after  every  horizontal 
flyback  period.  Therefore,  the  picture  quality  is  not  deterio- 
rated  by  residual  electric  charge,  and  a  still  picture  is 
displayed  in  favorable  condition  for  extended  periods  of 
time. 





TECHNICAL  F I E L D  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o   a  l i q u i d   c r y s t a l  

d i s p l a y   a p p a r a t u s   u s e d   to   c a r r y   o u t   t h e   d i s p l a y   of  a  s t i l l  

p i c t u r e .  

BACKGROUND  ART 

I t   i s   p r o p o s e d   to   d i s p l a y   a  t e l e v i s i o n   p i c t u r e   b y  

u s i n g ,   f o r   e x a m p l e ,   a  l i q u i d   c r y s t a l .  

In  F i g .   6,  r e f e r e n c e   n u m e r a l   1  d e s i g n a t e s   an  i n p u t  

t e r m i n a l   to   w h i c h   a  t e l e v i s i o n   v i d e o   s i g n a l   i s   s u p p l i e d .  

The  s i g n a l   f r o m   t h i s   i n p u t   t e r m i n a l   1  i s   s u p p l i e d   t h r o u g h  

s w i t c h i n g   e l e m e n t s   M1,  M2,  . . .   Mm,  e a c h   of  w h i c h   i s   f o r m e d  

o f ,   f o r   e x a m p l e ,   an  N - c h a n n e l   FET,  to   l i n e s   L1,  L2,   . . .   Lm 

in   t h e  v e r t i c a l   (Y  a x i s )   d i r e c t i o n   w h e r e   m  i s   t h e   n u m b e r  

c o r r e s p o n d i n g   t o   t h e   n u m b e r   of  p i c t u r e   e l e m e n t s   in   t h e  

h o r i z o n t a l   (X  a x i s )   d i r e c t i o n .   F u r t h e r ,   t h e r e   i s   p r o v i d e d   a  

s h i f t   r e g i s t e r   2  h a v i n g   m  s t a g e s .   T h i s   s h i f t   r e g i s t e r   2  i s  

s u p p l i e d   w i t h   c l o c k   s i g n a l s   Φ 1 H '  Φ 2 H   e a c h   h a v i n g   a  f r e q u e n c y  

m  t i m e s   t h e   h o r i z o n t a l   f r e q u e n c y .  P i c t u r e   e l e m e n t   s w i t c h i n g  

s i g n a l s   H 1   φ H 2   . . .   φHm,  w h i c h   a r e   d e r i v e d   f r o m   t h e  

r e s p e c t i v e   o u t p u t   t e r m i n a l s   of  t h i s   s h i f t   r e g i s t e r   2  a n d  

s e q u e n t i a l l y   s c a n n e d   by  t h e   c l o c k   s i g n a l s   Φ1H,  Φ2H  a r e  

s u p p l i e d   to   t h e   r e s p e c t i v e   c o n t r o l   t e r m i n a l s   of  t h e  

s w i t c h i n g   e l e m e n t s   M1  to  Mm.   To  t h e   s h i f t   r e g i s t e r   2,  t h e r e  

a r e   s u p p l i e d   a  low  p o t e n t i a l   (VSS)  and  a  h i g h   p o t e n t i a l  

(VDD)  and  t h e r e b y   d r i v e   p u l s e s   of  t h e   two  p o t e n t i a l s   a r e  

g e n e r a t e d .  

To  t h e   r e s p e c t i v e   l i n e s   Li  to   Lm,  t h e r e   a r e   c o n n e c t e d  



one   e n d s   o f   s w i t c h i n g   e l e m e n t s   M11,  M21,  . . .   Mn1,  M 1 2 ,  M 2 2  

. . .   Mn2,  . . .   Mlm,  M2m,  . . .   Mnm,  w h i c h   a r e   e a c h   f o r m e d   o f ,  

f o r   e x a m p l e ,   an  N - c h a n n e l   FET,  w h e r e  n   i s   t h e   n u m b e r  

c o r r e s p o n d i n g   t o   t h e   n u m b e r   of  t h e   h o r i z o n t a l   s c a n n i n g  

l i n e s .   The   o t h e r   e n d s   of   t h e s e   s w i t c h i n g   e l e m e n t s   M11  t o  

Mnm  a r e   r e s p e c t i v e l y   c o n n e c t e d   t h r o u g h   l i q u i d   c r y s t a l   c e l l s  

C11 ,   C21 ,   . . .  C n m   to   a  t a r g e t   t e r m i n a l   3 .  

F u r t h e r ,   t h e r e   i s   p r o v i d e d   a  s h i f t   r e g i s t e r   4  h a v i n g  n  

s t a g e s .   T h i s   s h i f t   r e g i s t e r   4  i s   s u p p l i e d   w i t h   c l o c k  

s i g n a l s  Φ 1 V   a n d  Φ 2 V   e a c h   h a v i n g   a  h o r i z o n t a l   f r e q u e n c y .  

S c a n n i n g   l i n e   s w i t c h i n g   s i g n a l s  φ V 1 ,   φV2,   . . .   φVn,  w h i c h   a r e  

d e r i v e d   f r o m   t h e   r e s p e c t i v e   o u t p u t   t e r m i n a l s   of  t h i s   s h i f t  

r e g i s t e r   4  and   s e q u e n t i a l l y   s c a n n e d   by  t h e   c l o c k   s i g n a l s  

Φ1V  a n d  Φ 2 V ,   a r e   s u p p l i e d   t h r o u g h   g a t e   l i n e s   G1,  G 2 ,  . . .   Gn 

in   t h e   h o r i z o n t a l   (X  a x i s )   d i r e c t i o n   t o   c o n t r o l   t e r m i n a l s   o f  

t h e   s w i t c h i n g   e l e m e n t s   M11  to  Mnm  a t   e v e r y   rows   (M11  t o  

M1m) ,  (M21  t o   M 2 m )   . . .   (Mnl  to   Mnm)  in   t h e  X   a x i s  

d i r e c t i o n ,   r e s p e c t i v e l y .   A l s o ,   t h e   s h i f t   r e g i s t e r   4  i s  

s u p p l i e d   w i t h   t h e   p o t e n t i a l s   VSS  and  VDD  s i m i l a r l y   to   t h e  

s h i f t   r e g i s t e r   2 .  

T h a t   i s ,   i n   t h i s   c i r c u i t ,   t o   t h e   s h i f t   r e g i s t e r s   2  a n d  

4 ,   t h e r e   a r e   s u p p l i e d   t h e   c l o c k   s i g n a l s   Φ1H,  Φ2H,  Φ1V  a n d  

Φ2V  w h i c h   a r e   s h o w n   i n   F i g s .   7A  and  7B.  T h e n ,   t h e   s h i f t  

r e g i s t e r   2  g e n e r a t e s   s i g n a l s   φH1  to   φHm  a t   e v e r y   p i c t u r e  

e l e m e n t .  p e r i o d   as   shown  in  F i g .   7C,  w h i l e   t h e   s h i f t   r e g i s t e r  

4  g e n e r a t e s   s i g n a l s   φV1  to  φVn  a t   e v e r y  o n e   h o r i z o n t a l  

p e r i o d   as   shown   i n   F i g .   7D.  F u r t h e r ,   to   t h e   i n p u t   t e r m i n a l  

1,  t h e r e   i s   s u p p l i e d   a  s i g n a l   as  shown  in   F i g .   7 E .  

When  t h e   s i g n a l s   φV1  a n d  φ H 1   a r e   g e n e r a t e d ,   t h e  

s w i t c h i n g   e l e m e n t s  M I   and  M11  to  Mlm  a r e   t u r n e d   on  a n d  



t h e r e b y   a  c u r r e n t   p a t h   f r o m   t h e   i n p u t   t e r m i n a l   1  t h r o u g h   M1,  

L1,   M11'  C11  t o   t h e   t a r g e t   t e r m i n a l   3  i s   f o r m e d ,   t h r o u g h  

w h i c h   a  p o t e n t i a l   d i f f e r e n c e   b e t w e e n   t h e   s i g n a l   s u p p l i e d   t o  

t h e   i n p u t   t e r m i n a l   1  and  t h a t   a t   t h e   t a r g e t   t e r m i n a l   3  i s  

s u p p l i e d   t o   t h e   l i q u i d   c r y s t a l   c e l l   C l l .   As  a  r e s u l t ,   i n  

t h e   c a p a c i t i v e   p o r t i o n   of  t h e   c e l l   C11,   t h e r e   i s   s a m p l e d   a n d  

t h e n   h e l d   a  c h a r g e   c o r r e s p o n d i n g   t o   a  p o t e n t i a l   d i f f e r e n c e  

made  by  t h e   s i g n a l   of  a  f i r s t   p i c t u r e   e l e m e n t .   The  o p t i c a l  

t r a n s m i s s i v i t y   of  t h e   l i q u i d   c r y s t a l   i s   c h a n g e d   in   r e s p o n s e  

to   t h i s   c h a r g e   a m o u n t .   The  s i m i l a r   o p e r a t i o n   i s  

s e q u e n t i a l l y   c a r r i e d   o u t   on  t h e   f o l l o w i n g   c e l l s   C12  t o   Cnm.  

F u r t h e r ,   when  t h e   s i g n a l   of  t h e   n e x t   f i e l d   i s   s u p p l i e d ,   t h e  

c h a r g e   a m o u n t s   of  t h e   r e s p e c t i v e   c e l l s   C11  to   Cnm  a r e  

r e - w r i t t e n .  

.  As  d e s c r i b e d   a b o v e ,   t h e   o p t i c a l   t r a n s m i s s i v i t i e s   of  t h e  

l i q u i d   c r y s t a l   c e l l s   C11  to   Cnm  a r e   c h a n g e d   in  r e s p o n s e   t o  

t h e   r e s p e c t i v e   p i c t u r e   e l e m e n t s   of  t h e   v i d e o   s i g n a l ,   a n d  

t h i s   o p e r a t i o n   i s   s e q u e n t i a l l y   r e p e a t e d   to  t h e r e b y   d i s p l a y   a  

t e l e v i s i o n   p i c t u r e .  

By  t h e   w a y ,   when  t h e   d i s p l a y   i s   c a r r i e d   o u t   by  t h e  

l i q u i d   c r y s t a l ,   an  AC  d r i v e   i s   g e n e r a l l y   a d o p t e d   so  as   t o  

i m p r o v e   i t s   r e l i a b i l i t y   and  i t s   s e r v i c e   l i f e .   In  t h e  

d i s p l a y   o f ,   f o r   e x a m p l e ,   a  t e l e v i s i o n   p i c t u r e ,   a  s i g n a l ,  

w h i c h   r e s u l t s   f r o m   i n v e r t i n g   a  v i d e o   s i g n a l   a t   e v e r y   o n e  

f i e l d   or  a t   e v e r y   one  f r a m e ,   i s   s u p p l i e d   to   t h e   i n p u t  

t e r m i n a l   1.  In  o t h e r   w o r d s ,   to   t h e   i n p u t   t e r m i n a l   1,  t h e r e  

i s   s u p p l i e d   a  s i g n a l   w h i c h   i s   i n v e r t e d   a t   e v e r y   one  f i e l d   o r  

a t   e v e r y   one  f r a m e   as  shown  in  F i g .   7 E .  

By  t h e   way,   i t   i s   r e q u e s t e d   to   d i s p l a y   an  a r b i t r a r y  

t e l e v i s i o n   p i c t u r e   in  t h e   f o rm  of  a  s t i l l   p i c t u r e   by  t h e  



a b o v e   m e n t i o n e d   a p p a r a t u s .   In   t h a t   c a s e ,   i t   h a s   b e e n  

p r o p o s e d   in   t h e   p r i o r   a r t   t h a t   t h e r e   i s   p r o v i d e d   a  m e m o r y  

h a v i n g ,   f o r  e x a m p l e ,   one  f i e l d   or   one  f r a m e   s t o r a g e  

c a p a c i t y ,   a  d e s i r e d   p i c t u r e   i s   s t o r e d   in   t h i s   m e m o r y ,  i t   i s  

r e p e a t e d l y   r e a d   o u t   t h e r e f r o m ,   t h e   s i g n a l   r e a d  o u t   i s  

p h a s e - i n v e r t e d   a t   e v e r y   f i e l d   and   t h e n   f e d   to   t h e   a b o v e  

m e n t i o n e d   i n p u t   t e r m i n a l   1.  H o w e v e r ,   t h e   memory   h a v i n g   t h e  

c a p a c i t y   of  one   f i e l d   or  one  f r a m e   i t s e l f   i s   v e r y   l a r g e   i n  

s i z e   and   e x p e n s i v e   so  t h a t   i t   i s   d i f f i c u l t   to   a p p l y   i t   t o   a  

s t a n d a r d   c o m m e r c i a l l y   a v a i l a b l e   a p p a r a t u s .  

On  t h e   o t h e r   h a n d ,   i t   i s   p r o p o s e d   to   d i s p l a y   t h e   s t i l l  

p i c t u r e   by  u t i l i z i n g   t h e   m e m o r y   f u n c t i o n   of  t h e   l i q u i d  

c r y s t a l   c e l l   C.  T h a t   i s ,   i n   a  l i q u i d   c r y s t a l   v i d e o   d i s p l a y  

d r i v e   c i r c u i t   h a v i n g   a  f i r s t   s a m p l e   and   h o l d   c i r c u i t   f o r  

s u p p l y i n g   a  v i d e o   s i g n a l   h a v i n g   a  p o l a r i t y   i n v e r t e d   a t   e v e r y  

p i c t u r e   t o   a  p l u r a l i t y   of  p i c t u r e   e l e m e n t s   in   a  t i m e   s e r i e s  

f a s h i o n ,   t h i s   a p p a r a t u s   i s   a  l i q u i d   c r y s t a l   v i d e o   d i s p l a y  

d r i v e   c i r c u i t   w h i c h   c o m p r i s e s   i n v e r t i n g   m e a n s   f o r   i n v e r t i n g  

t h e   v i d e o   s i g n a l   and  s u p p l y i n g   i t   t o   t h e   f i r s t   s a m p l e   a n d  

h o l d   c i r c u i t ,   a  s e c o n d   s a m p l e  a n d   h o l d   c i r c u i t   f o r   r e a d i n g  

t h e   v i d e o   s i g n a l   of  t h e   p l u r a l i t y   of  p i c t u r e   e l e m e n t s   in   a  

t i m e   s e r i e s   f a s h i o n ,   and  s w i t c h i n g   m e a n s   f o r   s w i t c h i n g   a  

v i d e o   s i g n a l   f r o m   an  e x t e r n a l   t e r m i n a l   or  t h e   v i d e o   s i g n a l  

f r o m   t h e   s e c o n d   s a m p l e   and  h o l d   c i r c u i t   and  s u p p l y i n g   i t   t o  

t h e   i n v e r t i n g   m e a n s .  

H o w e v e r ,   in   t h e   c a s e   of  t h i s   a p p a r a t u s ,   e a c h   t i m e   t h e  

d i s p l a y   of  one  f i e l d   is   c a r r i e d   o u t ,   t h e   p i c t u r e   i s  

d i s p l a c e d   by  one  p i c t u r e   e l e m e n t   e a c h   in   t h e   s c a n n i n g  

d i r e c t i o n .   As  a  r e s u l t ,   t h e   p r o c e s s i n g   s u c h   as  t o   r e v e r s e  

t h e   s c a n n i n g   d i r e c t i o n   a t   e v e r y   one  f i e l d   and  t h e   l i k e   i s  



c a r r i e d   o u t .   In  o r d e r   to   s w i t c h   t h e   s c a n n i n g   d i r e c t i o n   a s  

s e t   f o r t h   a b o v e ,   a  c i r c u i t   of  a  l a r g e   s c a l e   m u s t   be  p r o v i d e d  

a n d ,   t h e r e   r e m a i n s   t h e   s t a t e   in   w h i c h   t h e   p i c t u r e   i s  

a l t e r n a t e l y   d i s p l a c e d   by  one  p i c t u r e   e l e m e n t   a t   e v e r y   o n e  

f i e l d .   T h e r e   i s   a  f e a r   t h a t   t h i s   w i l l   g i v e   r i s e   to   a  

f l i c k e r   and   so  o n .  

S i n c e   t h e   s i g n a l   of  t h e   l i q u i d   c r y s t a l   c e l l   C  i s  

d e r i v e d ,   t h i s   s i g n a l   i s   r e t u r n e d   a g a i n   to   t h e   l i q u i d   c r y s t a l  

c e l l   C  and   t h i s   o p e r a t i o n   i s   r e p e a t e d   to   t h e r e b y   c a r r y   o u t  

t h e   d i s p l a y   of  t h e   s t i l l   p i c t u r e ,   i f   a  s i g n a l   t r a n s m i s s i o n  

c h a r a c t e r i s t i c   d u r i n g   s u c h   p e r i o d   h a s   a  d i s t o r t i o n ,   t h i s  

d i s t o r i o n   i s   a c c u m u l a t e d ,   d e t e r i o r a t i n g   t h e   q u a l i t y   of  t h e  

p i c t u r e   c o n s i d e r a b l y   in  a  v e r y   s h o r t   t i m e   p e r i o d .   To  c o p e  

t h e r e w i t h ,   i t   may  be  c o n s i d e r e d   to   a d j u s t   t h e   g a i n   of   t h e  

i n v e r t i n g   m e a n s .   H o w e v e r ,   i t   i s   i m p o s s i b l e   to   c a r r y   o u t  

s u c h   a d j u s t m e n t   p e r f e c t l y   and  i t   i s   a l m o s t   d i f f i c u l t   t o  

c a r r y   o u t   t h e   n o r m a l   d i s p l a y   of  t h e   s t i l l   p i c t u r e   d u r i n g   a  

l o n g   t i m e   p e r i o d .  

F u r t h e r ,   when  t h e   s i g n a l   i s   d e r i v e d   f r o m   t h e   l i q u i d  

c r y s t a l   c e l l   C,  i f   a  r e s i d u a l   c h a r g e   e x i s t s   in   a  s t r a y  

c a p a c i t y   of   t h e   s i g n a l   l i n e   and  t h e   l i k e ,   t h i s   c a u s e s   t h e  

s i g n a l   t o   be  d e t e r i o r a t e d   so  t h a t   t h e   d i s p l a y   of  t h e   s t i l l  

p i c t u r e   c an   n o t   be  c a r r i e d   o u t   o v e r   a  l o n g   t i m e   p e r i o d   a n y  

n o r e .  

PISCLOSURE  OF  INVENTION 

T h i s   i n v e n t i o n   i s   made  in  v i e w   of  t h e   a b o v e   d e s c r i b e d  

p r o b l e m s .   A c c o r d i n g   to   t h e   a p p a r a t u s ,   s i n c e   t h e   s i g n a l  

d e r i v e d   f r o m   t h e   l i q u i d   c r y s t a l   c e l l   C  i s   r e t u r n e d   t o   t h e  

same  l i q u i d   c r y s t a l   c e l l   C,  t h e   d i s p l a c e m e n t   of  t h e   p i c t u r e  

and  so  on  can   be  a v o i d e d ,   any  s p e c i a l   s c a n n i n g   and  t h e   l i k e  



b e c o m e   u n n e c e s s a r y   and   t h e   p r i o r   a r t   d r i v e   c i r c u i t   and  t h e  

l i k e   can   be  u s e d   w i t h o u t   m o d i f i c a t i o n .   F u r t h e r ,   s i n c e   t h e  

p o t e n t i a l   of  t h e   s i g n a l   l i n e   of  t h e   s i g n a l  i s   r e s e t ,   t h e  

q u a l i t y   of  p i c t u r e   can   be  p r e v e n t e d   f r o m   b e i n g   d e t e r i o r a t e d  

and   a l s o ,   i t   i s   p o s s i b l e   to   c a r r y   o u t   t h e   d i s p l a y   of  t h e  

s t i l l   p i c t u r e   o v e r   a  l o n g   t i m e   p e r i o d .  

BRIEF  DESCRIPTION  OF  DRAWINGS 

F i g .   1  i s   a  c o n s t r u c t i o n a l   d i a g r a m   of  a  l i q u i d   c r y s t a l  

d i s p l a y   a p p a r a t u s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   F i g s .  

2  t o   5  a r e   d i a g r a m s   u s e f u l   f o r   t h e   e x p l a n a t i o n   t h e r e o f ,   a n d  

F i g s .   6  and  7  a r e   d i a g r a m s   u s e d   to   e x p l a i n   a  p r i o r   a r t  

a p p a r a t u s .  

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

In  F i g .   1,  t h e   a b o v e   m e n t i o n e d   s w i t c h i n g   e l e m e n t s   M1 

t o   M   a r e   u s e d   as   f i r s t   s w i t c h i n g   e l e m e n t s   MA1  to   MAm  a n d  

t h e r e   a r e   p r o v i d e d   e q u i v a l e n t   s e c o n d   s w i t c h i n g   e l e m e n t s   MB1 

t o   MBm.  F u r t h e r ,   t h e r e   i s   p r o v i d e d   a  s h i f t   r e g i s t e r   2 0  

h a v i n g   m  s t a g e s   s i m i l a r   to   t h e   a b o v e   m e n t i o n e d   s h i f t  

r e g i s t e r   2.  The  c l o c k   s i g n a l s   φ1H  and  φ2H  a r e   s u p p l i e d   t o  

t h i s   s h i f t   r e g i s t e r   20 .   P i c t u r e   e l e m e n t   s w i t c h i n g   s i g n a l s  

φ H 1 ,  φ H 2 ,   . . .  φ H m   a r e   s u p p l i e d   f r o m   t h e   r e s p e c t i v e   o u t p u t  

t e r m i n a l s   of  t h e   s h i f t   r e g i s t e r   20  to   t h e   r e s p e c t i v e   c o n t r o l  

t e r m i n a l s   of  t h e   s w i t c h i n g   e l e m e n t s   MB1  t o   MBm.  To  t h e  

s h i f t   r e g i s t e r   2,  t h e r e   i s   s u p p l i e d   a  s t a r t   p u l s e   Os  w h i c h  

i s  a s s o c i a t i n g   t o   t h e   h o r i z o n t a l   s y n c h r o n i z a t i o n   of  t h e  

v i d e o   s i g n a l ,   w h i l e   to   t h e   s h i f t   r e g i s t e r   20 ,   t h e r e   i s  

s u p p l i e d   a  s t a r t   p u l s e   φ ' s   t h e   p h a s e   of   w h i c h   i s   a d v a n c e d  

f r o m   t h a t   of  t h e   p u l s e   φs .   The  i n p u t   t e r m i n a l   1  i s  

c o n n e c t e d   t h r o u g h   a  n o r m a l   d i s p l a y   s i d e   c o n t a c t  N  o f   a  

n o r m a l   d i s p l a y / s t i l l   p i c t u r e   d i s p l a y   c h a n g e - o v e r   s w i t c h   1 1  



to   t h e   s w i t c h i n g   e l e m e n t s   MA1  t o   MAm.  The  c o n n e c t i n g   p o i n t  

among  t h e   s w i t c h i n g   e l e m e n t s   MB1  to   MBm  i s   c o n n e c t e d   t o   a n  

a m p l i f i e r   12  and  a  c a p a c i t o r   13  i s   c o n n e c t e d   to   t h e   o u t p u t  

t e r m i n a l   of  t h i s   a m p l i f i e r   12 .   T h i s   o u t p u t   t e r m i n a l   i s  

c o n n e c t e d   t h r o u g h   an  i n v e r t i n g   c i r c u i t   14  to   a  n o r m a l i z i n g  

c i r c u i t   ( n o r m a l i z e r )   15 .   The  o u t p u t   t e r m i n a l   of  t h i s  

n o r m a l i z i n g   c i r c u i t   15  i s   c o n n e c t e d   t o  a   s t i l l   p i c t u r e  

d i s p l a y   s i d e   c o n t a c t   S  of  t h e   c h a n g e - o v e r   s w i t c h   11 .   To  t h e  

r e s p e c t i v e   s i g n a l   l i n e s   L1  t o   Lm,  t h e r e   a r e   r e s p e c t i v e l y  

c o n n e c t e d   s w i t c h i n g   e l e m e n t s   MR1,  MR2,  . . .   MRm  and  t h e y   a r e  

c o n n e c t e d   t h r o u g h   t h e s e   s w i t c h i n g   e l e m e n t s   MR1  to   MRm  to   a  

p r e d e t e r m i n e d   v o l t a g e   s o u r c e ,   f o r   e x a m p l e ,   a  t a r g e t   t e r m i n a l  

3 .  

In  t h i s   a p p a r a t u s ,   t o   t h e   g a t e   t e r m i n a l s   of  t h e  

s w i t c h i n g   e l e m e n t s   MA1  to   MAm,  t h e r e   a r e   s u p p l i e d   p i c t u r e  

e l e m e n t   s w i t c h i n g   s i g n a l s  φ H 1   to   φHm  shown  a t   D  and  f o r m e d  

by  c l o c k   s i g n a l s   Φ1H,  Φ2H  shown   a t   A  and  B  in   F i g .   2  and  t h e  

s t a r t   p u l s e   φs  shown  a t   C.  W h i l e ,   t o   t h e   g a t e   t e r m i n a l s   o f  

t h e   s w i t c h i n g   e l e m e n t s   MB1  to   MBm,  t h e r e   a r e   s u p p l i e d  

p i c t u r e   e l e m e n t  s w i t c h i n g  s i g n a l s  φ H 1   to  φHm  shown  a t   F  a n d  

f o r m e d   by  t h e   s t a r t   p u l s e   ϕ ' s   s h o w n ,   f o r   e x a m p l e ,   a t   E  i n  

F i g .   2 .  

C o n s e q u e n t l y ,   a t   t h e   p h a s e   o f ,   f o r   e x a m p l e ,   t h e  

p i c t u r e   e l e m e n t   s w i t c h i n g   s i g n a l   φH1,   by  t h e   p i c t u r e   e l e m e n t  

s w i t c h i n g   s i g n a l   φH3  w h i c h   i s   t h e   same  in   p h a s e ,   t h e   s i g n a l  

of  t h e   l i q u i d   c r y s t a l   c e l l   C  c o r r e s p o n d i n g   to   t h e   l i n e   L3  i s  

d e r i v e d .   T h i s   s i g n a l   i s   a c c u m u l a t e d   t h r o u g h   t h e   a m p l i f i e r  

12  in   t h e   c a p a c i t o r   13  and  t h e n   w r i t t e n   t h r o u g h   t h e  

i n v e r t i n g   c i r c u i t   14  and  t h e   n o r m a l i z i n g   c i r c u i t   15  in   t h e  

same  l i q u i d   c r y s t a l   c e l l   C  a t   t h e   p h a s e   of  t h e   p i c t u r e  



e l e m e n t   s w i t c h i n g   s i g n a l   φH3  w i t h   a  d e l a y   of  T  t i m e .   H e r e ,  

t h e   p o t e n t i a l   of   t h e   s i g n a l   f r o m   t h e   l i q u i d   c r y s t a l   c e l l   C 

a s s u m e s   vs   and   t h e   c a p a c i t y   of  t h e   c a p a c i t o r   13  a s s u m e s   C s .  

T h e n ,   a  p o t e n t i a l   v s '   a t   t h e   h o t   s i d e   of  t h e   c a p a c i t o r   1 3  

b e c o m e s   as   v s '  =   CD Cs  vs   w h e r e   Cp  i s   t h e   c a p a c i t y   of  t h e  

a m p l i f i e r   12 .   I f   t h e   g a i n   of   t h e   i n v e r t i n g   c i r c u i t   14  i s  

t a k e n   a s  -   A,  a  p o t e n t i a l   v s "   of   t h e   o u t p u t   f r o m   t h i s  

i n v e r t i n g   c i r c u i t   14  b e c o m e s   as  v s ' '  =  -   ACD Cs  v s .  

T h e r e f o r e ,   i f   t h e   v a l u e   o f  -   A  i s   d e t e r m i n e d   in   s u c h   a  

m a n n e r   t h a t   t h i s   p o t e n t i a l   vs' '   s a t i s f i e s   vs  =  -   v s ,   t h e  

s i g n a l   s ame   as   t h a t   i n v e r t e d   i s   r e - w r i t t e n   in  t h e   l i q u i d  

c r y s t a l   c e l l   C  and  t h e r e b y   t h e   s t i l l   p i c t u r e   d i s p l a y   i s  

c a r r i e d   o u t   by  t h e   AC  d r i v e .  

In  t h i s   c a s e ,   h o w e v e r ,   i t   i s   i m p o s s i b l e   t o   d e t e r m i n e  

t h e   v a l u e   o f  -   A  p e r f e c t l y   as  a b o v e   m e n t i o n e d .   For   t h i s  

r e a s o n ,   t h e r e   i s   p r o v i d e d   t h e   n o r m a l i z i n g   c i r c u i t   15 .   T h a t  

i s ,   t h e   i n p u t   and   o u t p u t   c h a r a c t e r i s t i c s   of  t h i s   n o r m a l i z i n g  

c i r c u i t   15  i s   as   shown  i n   F i g .   3,   in   w h i c h   r e l a t i v e   t o  

p o t e n t i a l s   V k - 2 ,   V k - 1 ,   Vk,  V k + l ,   Vk+2 ,   t h e   i n p u t   s i g n a l s   i n  

a  r a n g e   o f  ±   a  a r e   n o r m a l i z e d   as   V k - 2 ,   V k - 1 ,   Vk,  V k + l ,   V k + 2  

and  t h e n   o u t p u t .   A c c o r d i n g l y ,   o w i n g   t o   t h e   p r o v i s i o n   o f  

t h i s   c i r c u i t   1 5 ,   e v e n   i f   t h e   v a l u e   o f  -   A  h a s   a  s l i g h t   (±@) 

e r r o r ,   i t   i s   p o s s i b l e   to   a l w a y s   make  t h e   v a l u e   of  t h e   o u t p u t  

s i g n a l   ( t h e   r e - w r i t t e n   s i g n a l )   c o n s t a n t .  

F u r t h e r ,   t o   t h e   g a t e   t e r m i n a l s   of  t h e   s w i t c h i n g  

e l e m e n t s   MR1  t o   MRm,  t h e r e   i s   s u p p l i e d   a  h o r i z o n t a l   b l a n k i n g  

s i g n a l   φHBLK.  A s  a   r e s u l t ,   t h e   r e s p e c t i v e   s i g n a l   l i n e s   L 1  

to   Lm  a r e   r e s e t   t o   t h e   t a r g e t   v o l t a g e   a t   e v e r y   h o r i z o n t a l  

b l a n k i n g .   T h u s ,   t h e   s i g n a l   r e m a i n i n g   in   e a c h   s i g n a l   l i n e   i s  

r e s e t   so  t h a t   w h e n  t h e   s i g n a l   in   t h e   l i q u i d   c r y s t a l   c e l l  C  



i s   d e r i v e d ,   a  u n d e s i r e d   s i g n a l   c an   be  a v o i d e d   f r o m  b e i n g  

m i x e d   t h e r e t o .  

In  t h i s   way,   t h e   d i s p l a y   of  t h e   s t i l l   p i c t u r e   i s  

c a r r i e d   o u t .   A c c o r d i n g   t o   t h e   a b o v e   m e n t i o n e d   a p p a r a t u s ,  

t h e   a r r a n g e m e n t   t h e r e o f   i s   e x t r e m e l y   s i m p l i f i e d ,   and  e v e n  

when  t h e   d i s p l a y   i s   c a r r i e d   o u t   o v e r   a  l o n g   t i m e   p e r i o d ,   t h e  

s i g n a l   c an   be  p r e v e n t e d   f r o m   t h e   d e t e r i o r a t i o n ,   and  h e n c e  

t h e   s a t i s f a c t o r y   s t i l l   p i c t u r e   d i s p l a y   can   be  a l w a y s   c a r r i e d  

o u t .  

W h i l e   in   t h e   a b o v e   m e n t i o n e d   a p p a r a t u s ,   t h e   d e l a y  

t i m e   T  f r o m   t h e   r e a d o u t   t o   t h e   w r i t i n g   i s   r e s t r i c t e d   by  t h e  

p e r i o d s   of  t h e   c l o c k   s i g n a l s   φ1H  and  0 2 H '  i t  i s   a l s o  

p o s s i b l e   to   s e t   a  more   d e l i c a t e  d e l a y   t i m e   by  a r b i t r a r i l y  

d e t e r m i n i n g   t h e   p h a s e   of  t h e   c l o c k   s i g n a l   w h i c h   i s  t o   b e  

s u p p l i e d   to   t h e   s h i f t   r e g i s t e r s   2  and  2 0 .  

W h i l e   in   t h e   a f o r e - m e n t i o n e d   a p p a r a t u s   t h e   n o r m a l i z i n g  

c i r c u i t   15  m u s t   c a r r y   o u t   s e q u e n t i a l l y   t h e   n o r m a l i z i n g  

p r o c e s s i n g   a t   a  t i m e   l e s s   t h a n   one  p i c t u r e   e l e m e n t   c l o c k ,  

when  t h e   p r o c e s s i n g   t i m e   i s   i n s u f f i c i e n t   in  t h e   c a s e s ,   s u c h  

as  to   i m p r o v e   t h e   r e s o l u t i o n   of  t h e   n o r m a l i z a t i o n   and  t h e  

l i k e ,   i t   i s   p o s s i b l e   to   c a r r y   o u t   t h e   p a r a l l e l   p r o c e s s i n g   a s  

s h o w n ,   f o r   e x a m p l e ,   in   F i g .   4.  In  t h e   f i g u r e ,   t h e   d i s p l a y  

s e c t i o n   i s   o m i t t e d .   F u r t h e r ,   F i g .   5  i s   a  f l o w   c h a r t  

t h e r e o f .  

T h a t   i s ,   in   t h i s   f i g u r e ,   t h e   s i g n a l   r e a d   o u t   f r o m   t h e  

l i q u i d   c r y s t a l   c e l l   C  c o n n e c t e d   t o   t h e   l i n e   L1  a t   t h e   p h a s e  

of  t h e   h o r i z o n t a l   s w i t c h i n g   s i g n a l   φH1  s h o w n ,   f o r   e x a m p l e ,  

a t   A  i s   h e l d   in  a  s a m p l e   and  h o l d   (SH)  c i r c u i t   31a   by  a  

s a m p l i n g   p u l s e   Pa  shown  a t   B  and  t h e n   s u p p l i e d   t h r o u g h  a  

s w i t c h i n g   e l e m e n t   Ma  to   a  n o r m a l i z i n g   c i r c u i t   15a   d u r i n g   t h e  



p e r i o d   o f   a  s w i t c h i n g   s i g n a l  ϕ a   shown  a t   E.  T h e n ,   t h e  

s i g n a l   n o r m a l i z e d   d u r i n g   t h e   t w o - p i c t u r e   e l e m e n t   c l o c k  

p e r i o d s   i s   h e l d   d u r i n g   t h e   p e r i o d   of  a  s w i t c h i n g   s i g n a l   φ a '  

s h o w n   a t   H  t h r o u g h   a  s w i t c h i n g   e l e m e n t   Ma'  in   a  s a m p l e   a n d  

h o l d   c i r c u i t   3 2 a   by  a  s a m p l i n g   p u l s e   Pa '   shown  a t  K   and   t h e n  

w r i t t e n   i n   t h e   l i q u i d   c r y s t a l   c e l l   C  c o n n e c t e d   t o   t h e   s i g n a l  

l i n e   L l  a t   t h e   p h a s e   of  a  h o r i z o n t a l   s w i t c h i n g   s i g n a l  φ H 1  

s h o w n   a t   N.  The  s i m i l a r   o p e r a t i o n s   w i l l   h e r e i n a f t e r   b e  

c a r r i e d   o u t   a t   e v e r y   one  p i c t u r e   e l e m e n t   c l o c k   by  c i r c u i t s  

s u f f i x e d   by  b  a n d  c   and  t h e   o p e r a t i o n   w i l l   be  r e t u r n e d   to   a  

c i r c u i t   s u f f i x e d   by  a  and  t h e r e b y   r e p e a t e d   a t   e v e r y   t h r e e  

p i c t u r e   e l e m e n t   c l o c k s .   T h e r e f o r e ,   a c c o r d i n g   t o   t h i s  

a p p a r a t u s ,   i t  b e c o m e s   p o s s i b l e   t o   s e t   a  p r o c e s s i n g  t i m e  

t w i c e   t h a t   of  t h e   a p p a r a t u s   in   F i g .   1 .  

In  t h i s   c a s e ,   t h i s   a p p a r a t u s   c an   be  a p p l i e d   t o   a  

l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   f o r m e d   of  an  a c t i v e   m a t r i x  

u s i n g   T F T s ,   s u c h   as  an  a m o r p h o u s   s i l i c o n ,   a  p o l y s i l i c o n ,   a  

s i l i c o n   s a p p h i r e ,   an  o r g a n i c   s e m i c o n d u c t o r   and  t h e   l i k e .  

F u r t h e r ,   i t   i s   p o s s i b l e   to   p r o v i d e   t h e   a b o v e   m e n t i o n e d  

s h i f t   r e g i s t e r s   2,  4  and  20  o u t s i d e   t h e   IC  w h i c h   f o r m s   t h e  

a p p a r a t u s .  

F u r t h e r m o r e ,   t h e   d i s p l a y   c an   be  a p p l i e d   t o   b o t h   o f  

d o t - s e q u e n t i a l   t y p e   d i s p l a y   and  l i n e - s e q u e n t i a l   t y p e  

d i s p l a y .  



1.  In  a  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   in   w h i c h   v i d e o  

s i g n a l s   a r e   s e q u e n t i a l l y   s u p p l i e d   t h r o u g h   f i r s t   h o r i z o n t a l  

s w i t c h i n g   e l e m e n t s ,   w h i c h   a r e   t u r n e d   on  by  f i r s t   p i c t u r e  

e l e m e n t   s w i t c h i n g   s i g n a l s   s e q u e n t i a l l y   f o r m e d   a t   a  h o r i z o n t a l  

p i c t u r e   p e r i o d ,   t o   c o l u m n s   of  t h e   n u m b e r   c o r r e s p o n d i n g   to   t h e  

n u m b e r   of  e f f e c t i v e   h o r i z o n t a l   p i c t u r e   e l e m e n t s ,   s c a n n i n g  

l i n e   s w i t c h i n g   s i g n a l s ,   w h i c h   a r e   s e q u e n t i a l l y   f o r m e d   a t   a  

h o r i z o n t a l   s c a n n i n g   p e r i o d ,   a r e   s e q u e n t i a l l y   s u p p l i e d   to   r o w s  

of  t h e   n u m b e r   c o r r e s p o n d i n g   to   t h e   n u m b e r   of  e f f e c t i v e  

h o r i z o n t a l   s c a n n i n g   l i n e s   and  s a i d   v i d e o   s i g n a l s   w h i c h   a r e  

r e s p e c t i v e l y   s u p p l i e d   to   s a i d   c o l u m n s   a r e   s u p p l i e d   t h r o u g h  

p i c t u r e   e l e m e n t   s w i t c h i n g   e l e m e n t s ,   w h i c h   a r e   p r o v i d e d   a t  

i n t e r s e c t i o n s   b e t w e e n   r e s p e c t i v e   c o l u m n s   and  r o w s   and  w h i c h  

a r e   t u r n e d   on  by  s a i d   s c a n n i n g   l i n e   s w i t c h i n g   s i g n a l s ,   t o  

l i q u i d   c r y s t a l   c e l l s ,   e a c h   of  w h i c h   f o r m s   one  p i c t u r e  

e l e m e n t ,   s a i d   l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   b e i n g  

c h a r a c t e r i z e d   in  t h a t   s e c o n d   h o r i z o n t a l   s w i t c h i n g   e l e m e n t s ,  

w h i c h   a r e   d r i v e n   by  s e c o n d   p i c t u r e   e l e m e n t   s w i t c h i n g   s i g n a l s  

h a v i n g   a d v a n c e d   p h a s e s   r e l a t i v e   to   s a i d   f i r s t   p i c t u r e   e l e m e n t  

s w i t c h i n g   s i g n a l s ,   a r e   c o n n e c t e d   to   s a i d   c o l u m n s ,   s a i d   v i d e o  

s i g n a l s   s t o r e d   in   s a i d   l i q u i d   c r y s t a l   c e l l s   a r e   r e a d   o u t  

t h r o u g h   s a i d   p i c t u r e   e l e m e n t   s w i t c h i n g   e l e m e n t s   d u r i n g   a  

p e r i o d   in   w h i c h   s a i d   s e c o n d   h o r i z o n t a l   s w i t c h i n g   e l e m e n t s   a r e  

t u r n e d   on ,   s a i d   s i g n a l s   r e a d   ou t   a r e   i n v e r t e d ,   s a i d   i n v e r t e d  

s i g n a l s   a r e   s e q u e n t i a l l y   s u p p l i e d   t h r o u g h   s a i d   f i r s t  

h o r i z o n t a l   s w i t c h i n g   e l e m e n t s   to   s a i d   c o l u m n s   t o   h a v e   a  p h a s e  

d e l a y e d   by  a  d e l a y   a m o u n t   c o r r e s p o n d i n g   to   s a i d   a d v a n c e d  

p h a s e ,   and   a  r e s e t   v o l t a g e   i s   s u p p l i e d   t h r o u g h   t h i r d  

s w i t c h i n g   e l e m e n t s ,   w h i c h   a r e   t u r n e d   on  a t   e v e r y   h o r i z o n t a l  



b l a n k i n g   p e r i o d s   of  s a i d   v i d e o   s i g n a l ,   to   s a i d   c o l u m n s .  

2.  A  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   a c c o r d i n g   to   c l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   i n v e r t i n g   p r o c e s s i n g   c o n t a i n s   a  

s i g n a l   n o r m a l i z a t i o n   p r o c e s s i n g .  

3.  A  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   a c c o r d i n g   to   c l a i m   2 ,  

c h a r a c t e r i z e d   i n   t h a t   t h e   s i g n a l   n o r m a l i z a t i o n   p r o c e s s i n g  

c o n t a i n e d   in   s a i d   i n v e r t i n g   p r o c e s s i n g   i s   c a r r i e d   o u t   i n   a  

p a r a l l e l   p r o c e s s i n g   m a n n e r .  

4.  A  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   a c c o r d i n g   t o   c l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   f i r s t   and  s e c o n d   p i c t u r e   e l e m e n t  

s w i t c h i n g   s i g n a l s   a r e   g e n e r a t e d   by  a  p a i r   of  s h i f t   r e g i s t e r s  

and   a r e   u s e d   to   o n - d r i v e   s a i d   f i r s t   and   s e c o n d   h o r i z o n t a l  

s w i t c h i n g   e l e m e n t s ,   r e s p e c t i v e l y .  

5.  A  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   a c c o r d i n g   t o   c l a i m   4 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   p a i r   of  s h i f t   r e g i s t e r s   a r e  

r e s p e c t i v e l y   s u p p l i e d   w i t h   c l o c k   p u l s e s   and  a  p h a s e  

d i f f e r e n c e   b e t w e e n   s a i d   c l o c k   p u l s e s   b e c o m e s   a  p h a s e  

d i f f e r e n c e   b e t w e e n   s a i d   f i r s t   and  s e c o n d   p i c t u r e   e l e m e n t  

s w i t c h i n g   s i g n a l s .  

6.  A  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   a c c o r d i n g   t o   c l a i m   5 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   p h a s e   d i f f e r e n c e   i s   made  e q u a l   t o  

a  t i m e   p e r i o d   n e c e s s a r y   f o r   s a i d   i n v e r t i n g   p r o c e s s i n g .  

7.   A  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   a c c o r d i n g   t o   c l a i m   6 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   i n v e r t i n g   p r o c e s s i n g   c o n t a i n s   a  

s i g n a l   n o r m a l i z a t i o n   p r o c e s s s i n g .  

8.  A  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   a c c o r d i n g   to   c l a i m   7 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   s i g n a l   n o r m a l i z a t i o n   p r o c e s s i n g  

c o n t a i n e d   in   s a i d   i n v e r t i n g   p r o c e s s i n g   i s   c a r r i e d   o u t   i n  a  

p a r a l l e l   p r o c e s s i n g   m a n n e r .  



1.  ( A f t e r   b e i n g   a m e n d e d )   In  a  l i q u i d   c r y s t a l   d i s p l a y  

a p p a r a t u s   in  w h i c h   v i d e o   s i g n a l s   a r e   s e q u e n t i a l l y   s u p p l i e d   t o  

c o l u m n s   of  t h e   n u m b e r   c o r r e s p o n d i n g   to   t h e   n u m b e r   o f  

e f f e c t i v e   h o r i z o n t a l   p i c t u r e   e l e m e n t s   t h r o u g h   f i r s t  

h o r i z o n t a l   s w i t c h i n g   e l e m e n t s   w h i c h   a r e   t u r n e d   on  by  f i r s t  

p i c t u r e   e l e m e n t   s w i t c h i n g   s i g n a l s ,   w h i c h   a r e   s e u e n t i a l l y  

f o r m e d   a t   a  h o r i z o n t a l   p i c t u r e   e l e m e n t   p e r i o d ,   s c a n n i n g   l i n e  

s w i t c h i n g   s i g n a l s ,   w h i c h   a r e   s e q u e n t i a l l y   f o r m e d   a t   a  

h o r i z o n t a l   s c a n n i n g   p e r i o d ,   a r e   s e q u e n t i a l l y   s u p p l i e d   t o  

l i n e s   of  t h e   n u m b e r   c o r r e s p o n d i n g   to   t h e   number   of  e f f e c t i v e  

h o r i z o n t a l   s c a n n i n g   l i n e s ,   and  s a i d   v i d e o   s i g n a l s  

s e q u e n t i a l l y   s u p p l i e d   to   s a i d   c o l u m n s   t h r o u g h   p i c t u r e   e l e m e n t  

s w i t c h i n g   e l e m e n t s ,   w h i c h   a r e   p r o v i d e d   a t   i n t e r s e c t i o n s  

b e t w e e n   s a i d   c o l u m n s   and  rows   and  w h i c h   a r e   t u r n e d   on  by  s a i d  

s c a n n i n g   l i n e   s w i t c h i n g   s i g n a l s ,   a r e   s u p p l i e d   to   l i q u i d  

c r y s t a l   c e l l s   e a c h   of  w h i c h   f o r m s   one  p i c t u r e   e l e m e n t ,   s a i d  

l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   b e i n g   c h a r a c t e r i z e d   in  t h a t  

s e c o n d   h o r i z o n t a l   s w i t c h i n g   e l e m e n t s ,   w h i c h   a r e   d r i v e n   b y  

s e c o n d   p i c t u r e   e l e m e n t   s w i t c h i n g   s i g n a l s   h a v i n g   a  p h a s e  

a d v a n c e d   r e l a t i v e   to   s a i d   f i r s t   p i c t u r e   e l e m e n t   s w i t c h i n g  

s i g n a l s ,   a r e   c o n n e c t e d   to   s a i d   c o l u m n s ,   s a i d   v i d e o   s i g n a l s  

s t o r e d   in   s a i d   l i q u i d   c r y s t a l   c e l l s   a r e   d e r i v e d   d u r i n g   a  

p e r i o d  i n   w h i c h   s a i d   s e c o n d   h o r i z o n t a l   s w i t c h i n g   e l e m e n t s   a r e  

t u r n e d   on,   s a i d   s i g n a l s   d e r i v e d   a r e   i n v e r t e d   a n d  s a i d  

i n v e r t e d   s i g n a l s   w i t h   a  p h a s e   d e l a y e d   by  an  a m o u n t  

c o r r e s p o n d i n g   to   s a i d   a d v a n c e d   p h a s e   a r e   s e q u e n t i a l l y  

s u p p l i e d   t h r o u g h   s a i d   f i r s t   h o r i z o n t a l   s w i t c h i n g   e l e m e n t s   t o  

s a i d   c o l u m n s   to   t h e r e b y   d i s p l a y  a   s t i l l   p i c t u r e .  



2.  A  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   a c c o r d i n g   to   c l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t '   s a i d   i n v e r t i n g   p r o c e s s i n g   c o n t a i n s   a  

s i g n a l   n o r m a l i z a t i o n   p r o c e s s i n g .  

3.  A  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   a c c o r d i n g   to   c l a i m   2 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   s i g n a l   n o r m a l i z a t i o n   p r o c e s s i n g  

c o n t a i n e d   in   s a i d   i n v e r t i n g   p r o c e s s i n g   i s   c a r r i e d   o u t   in  a  

p a r a l l e l   p r o c e s s i n g   m a n n e r .  

4.   A  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   a c c o r d i n g   to   c l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   f i r s t   and   s e c o n d   p i c t u r e   e l o e m e n t  

s w i t c h i n g   s i g n a l s   a r e   g e n e r a t e d   f r o m   a  p a i r   of  s h i f t  

r e g i s t e r s   and  a r e   u s e d   to   t u r n   on  s a i d   f i r s t   and  s e c o n d  

h o r i z o n t a l   s w i t c h i n g   e l e m e n t s ,   r e s p e c t i v e l y .  

5.   A  l i q u i d   c r y s t a l   d i s p l a y  a p p a r a t u s   a c c o r d i n g   to   c l a i m   4 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   p a i r   of  s h i f t   r e g i s t e r s   a r e  

r e s p e c t i v e l y   s u p p l i e d   w i t h   c l o c k   p u l s e s   and  a  p h a s e  

d i f f e r e n c e   b e t w e e n   s a i d   c l o c k   p u l s e s   b e c o m e s   a  p h a s e  

d i f f e r e n c e   b e t w e e n   s a i d   f i r s t   and  s e c o n d   p i c t u r e   e l e m e n t  

s w i t c h i n g   s i g n a l s .  

6.  A  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   a c c o r d i n g   to   c l a i m   5 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   p h a s e   d i f f e r e n c e   i s   made  e q u a l   t o  

a  t i m e   p e r i o d   n e c e s s a r y   f o r   s a i d   i n v e r t i n g   p r o c e s s i n g .  

7.  A  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   a c c o r d i n g   to   c l a i m   6 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   i n v e r t i n g   p r o c e s s i n g   c o n t a i n s   a  

s i g n a l   n o r m a l i z a t i o n   p r o c e s s i n g .  

8.  A  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   a c c o r d i n g   to   c l a i m   7 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   s i g n a l   n o r m a l i z a t i o n   p r o c e s s i n g  

c o n t a i n e d   in  s a i d   i n v e r t i n g   p r o c e s s i n g   i s   c a r r i e d   o u t   in   a  

p a r a l l e l   p r o c e s s i n g   m a n n e r .  

9.  (Added)   A  l i q u i d   c r y s t a l   d i s p l a y   a p p a r a t u s   a c c o r d i n g   t o  



c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   a  r e s e t   v o l t a g e   i s   s u p p l i e d  

to   e a c h   of  s a i d   c o l u m n s   t h r o u g h   t h i r d   s w i t c h i n g   e l e m e n t s  

w h i c h   a r e   t u r n e d   on  a t   e v e r y   h o r i z o n t a l   b l a n k i n g   p e r i o d   o f  

s a i d   v i d e o   s i g n a l .  
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